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» & T’ne quality control requirerents and procedures that are being

O uu“’\/r developed for mamned spacecraft iiffer in a number of important re-
soects J.rcm the conventional prartices that have evolved in previous
M aircraft and missile programs. These differences are a natural con-
W sequence 'Of some of the distinctive features of manned space flight

)‘[ (

% pregrams and vehieles. In my ve arpks tonight I will attempt to
)

[

W’ poa.m‘: out a i’ew of these distinc:ive features and theixr effect on

5,‘4 V“\.l.s.al}lllty and quality control equirements.
l
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Ve : ; '»The. most outstand:.ng fea’cum of our programs is their research

vch_aracter.. 'The flight missions lieing undertaken in the manned ex-

glorati‘o,n-fof epace are in every sense of the word research flights.

R

‘I‘hey are 'a"'search for knowledzz, not only of space itself, but also '
. ch .how to survive, travel, and mneuver in space; to take off and
land spac ecraf‘c on the earth, the moon, and eventually the planets.
The ~,par:ec::-aft we use are single-purpose devices, few in num-
| Ler, tnﬂkmz} specifieaily +o each particular mission. Once the

ssion for wh::.ch they arc desigred has been accomplished, they are

unlikely to enter a production ptase or enjoy a long period of

£5~

#Toxt prepared by F. J. Bailey, Cffice of Reliability and Flight
Safety, MSC and R. R. Gilruth.
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oporat: icmal use as mrrh: a miesile or airplane., In this sense,
ur qual 1ty control problems sre much closer to those of the X-15
*‘chén to those of the B-58,

For those few pioneering sacceraft we must obtain parts, come

; and enginoo sing os nosw to

pononts, subsyate

nation's flmst crafismen can aciieve.

The single~purpose charactar of our spacecraft is not exactly
o cur own ehbosizu. Hature has perversely laid out the stepping
stbnes‘ o spc'xjce in‘such a wvay as to require a substantial advance

ulsmn cap‘.bllzty betwezn each step. An urgent nced for

?J, .

Ttany ole cfvzdence of progress in space impells us to attempt each
;fcp- as soon as the minimum capalility can be achieved. Because
Vc are @'dcz*tdcim successive misgions as rapidly as possible,

" als:aya a;. the extreme outer limit: of our advancing propulsion capa-
zM.L*:y, ix 12 spaceeralt we use are: rightly weight limited. They can
naver be‘ provided with the growt!. potential that would allow them
to be‘ damed to succgeding stop:, Nor can the experienced engineer-
stages of one program
b safely diverted from its task to undertake the-desi@ of the ve-
hicle. Thus, we must progress by a series of more or less inde-
pendent prorrra, 5, cach of increasing size and complexdty, over-
lapping in tire, and ranned by different independent teams of govern-
ment and contractor engineers, esch having little if any first-hand

Tomiliarity -uth the mpst recent amanned space flight experience
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available at thae time the prograst starts. This situation obvicusly

zalls for styrong emphasis or rapld dissemination of operational

experience with speoecrsit systens throu,hout 1:he entire manage-

Jrlass v cng*z*eerinu, Wustrlial, ad aduc mnal corplex. Mo matter
hew hord we work on this appreac:, however, we cannct hope to achieve

penfection, Some design decisiow will still be made in ig;norance
e iInfommation that exists, and others will be shown wrong by infore
mation \mt to be sequired. Thes: errors will have to be corrected
before flight. Thus we arrive a: what is perhaps the most inpor-

..

tant single reguirenent in our programs; thot desicng., procedures,

=203 sohedules mwst have the Flaocbility to ghsorb a steady stream

- ¢l chanres cenorated by a continwlly increasing uderstandine of

cpzee problems. - Reliability, quidity control, manufacturing, and

2ocurerent plens must all be se: up with full recognition of this
“emnt for con 1m.al hardsa e change.

Zhe flow of new informatio:. from current space programs is not

the only source of roquirements :or chanuc. Equipment malfunctions

that ccour during system developient testing or preflicht prepara-

tions arve often of egual or groa er importance. In manned flicht

we camnot afford to regard any o these equipment malfunctions as

o random failure. We must regawi every malfumction and, in fact,
SVEDY gbséi'véd peculigrity in the behavior of a system as an impore
vent worning of potential disastir, Only vhen the cause is thorougl-

- Ly widerstood, and a change to eliminate it has been made, can we

proaced with the flight program.
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*he problem here is one of shortening the failure detec’cion---—
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I cycle to e.b::* disastrous effects on opar‘atin@

schadules, i'e are finding it n ces::.ﬁz'y tcm very drastic -

LT L, N JUNgy PO .. MU \ S S . ; etz e
ctrecanlining of proceduves a3ediee 3t , T

contractor, to subcontractor, tc parts vendor, and back, too often
produces little buf delay, <oz, znd disclaimers of regponsiblhty.

Ronid corroctive response ta malfimetions throushout svstenm -

ceovelonment and vreflicht preraritions is a eritically important

recuiromont of our programs if w: are to meet schedules with hard-

ware that ig fit to fly. To the maximum extent possible, failure
analysis and decisions as to cor rcctive action must take place im-
mzdiately at the scene of the fa Uure, vhere the availability of
tha part, the test set-up, and f:we people fuvolved in the test,

ofers the bost opportunity for ccurate determination of the perti-

o~ . - - LS ]

nont facts. ontracts and purchise agreements with conponent and

parts suppliers should provide timt the services of their engincer-
ing staffs will be available on cell whenever required for this
purpose.  Constructive and effec -ive reaction to the emergency situ-

aticn o :i:cd vhen a failure reqidres redesign of a spacecraft come

- 1s the most welcome conty: bution an individual or company

s, J

con moke to the natlon 8 Zpace programs,
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fuother distinetive charae weristic of our spacecraft is the
atpe mumber of cne-shot and 1L dted-life toms used in the various

subsystems. . This characteristio limits the mmount of proof testing

wat con be performed on the ac tal flight articles. In the case

of Zteme guch as the heat shiale, escape rockets, explosive separa-
tion devices, explosive discoanccts, igniters, ete., the actual

éﬁeeimen to Le flown-cannot be 1ested at all. Items éuch as fuel
cells, ablative nozzles, parachites, and launch vehicle engines

an be given only limited tests, under conditions that are not
touly representative, aﬁd then ¢nly at considerable visk that the
tosts an"their aftermath may ir troduce more flight failures than
they prevent. This particular problem is of course shared by the
ballistic missile but not by the airplane.

the operating philosophy €1t has evolved to meet the situwation

is Jas¢d dn the idea that rancorly selected sarples of components
can be.subjccted, in a so-called qualification test program, to
¢ environmental, reliaiility, and overstress tests with
s1lts of theose tests will apply to
thevt:ﬁdihiﬁg articles installed In the flight vehicles. This
confidence is not Jjustified umless all suppcsedly identical parts
frem vhich the components are as embled are truly identical in all

catures, Although thie parts can be inspected and their

o}
o

primary characteristics can be measupad, ideatity in the sense re-
quired by the qualification +est philosophy cannot be fully estab-
3

clwed by inspection and measwoerent alone. Features that eventually
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tum out Lo be important in gov maning sensitivity to environment
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0% susceptibility to failure of sen are wamcéciﬁized onr inéde@ately
Gofined by inspeotion or measwr ywnt at the ting ofmkowmfachure.

To achiieve a degree of conizol over whatever wilknown or indo-
tovainate Influences may exist, conéideration mast be given to the

eation throuvh a
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ildontion test prooram be mide un from@.wt- whose

= 1. desiom, vroccess, or materials.

londliing subsecuent to manufactive mist also be identical and must

be controlled to hold envirommental stresses well within the limits

Lo be cxperienced by the part diwing the guelificatisn tests. It
Is also necessary that the party be fdentified individually or as

rambers of the set and that recirds show the location of all parts
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requirement for ident: fication of parts is of critical
mportance whenever fallure of ¢ coxﬁponent under test reveals a '
celeet dn a part vhich can be aitributed o the design or to the
ramufeeturing or handling proce:ss. It then becomes essential to
locate and remove immediately fiom all flicht components all similap
paris, Since these parts may h:ve been used in mope than the one
vyne of corponent that revealed the def ficiency, it 1s not sufficient
merely to remove all of that tyre of camponent. The very strict
Ccontyol over paris ident: fz_cai Icn and use that we are seeking is

aocestary to insure that all susjected parts, whencver used, can

i




Do readily located for romoval ind replacement.

In the area of inspection, i{light safety considerations and

the limdted rmurber of artieles :rvolved in our programs make it

-

ieasonable to require 100 per cunt inspection of all items. In-
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gefactiyé or marginal part, no ratter how many gooed parts are un-
'_né;esscrily‘fejected in the process. YWe are not alone in this mate

ter o extreme selectifity in tle acceptance of parts for space-

C?&It. vIﬁ the outstandingly successful Telestar satellite 58,800

vatée;tﬁble 5014d state devices vere examined to select the 22,500

for the valyabie models.

MAother indication of whut can be accomplished by selectivity

ith persistent atitention o detail has been provided by
the progran devised by the Air Force and the Aerospace Corporation

or the selcection and preparaiica of the Atlas boosters Tor manned

CIoocury Fiichis., Recognizing that major desizn changes to increase |
thie roliability potential of the basie design eodld not bo accom-

et

ervain thot the nexdmum relicbility of which ihe desipn was capable
would nctually be achieved in Meoccury operations. The program that

nvolved three pavts, o Component Selection Progran, a

Fuolowy Rollout Inspectica Pregrua, and & Flight Safety Review Pro-

TTe——— .
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Tram o the launeh site.
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SLO5E5T To ddeal were selvcted and reserved for manned
oy wollout insiectio program technical teans of
Lin Foreo and ferespace experis on cach booster subsystem wope set
un T6 revicw the mmnuracturing I istory an factory tests of c;ach
Merouzy bosstor to vorif
fiight,

In the £iighe safety rovies rogram simiiar technical teams
Lot organdzed at the lavmoh 312 to moniter ond record the per-
=oomnnee of cach subsysten theer out all preflichs preparations
and ehwokour activities., Tho:za fcams reported to a seaior review
boord charced with the firal res onsibllity for reviewing all the
rrovlons and setions pertinent ta the booster and certifying that,

Y

within the limits of human knewl sdoe, it was ready for manned

48 a meault of this pregraw, the Mercury boosters have 2=
GRred fwlce the normal man-hewrs to fabricate, and have recoived
more than three times he nomnal checkout +ime and attention. Ihile

0 man cen cay that this fevrula nsures success, it certainly does

it the case of the Spacetra’®, we have followed a generally

e ey e » oy ey o OO S - . 3 - : E
SLLILY appreach ps peronds techitical surveillmice and review of
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SuLCiyolon porformance. opeaial vnphasis has heen placed on main- _

coindne g partioularly hish lave . of technicgl Ccapability ot the
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